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• Introduction.

• Active Pixel Sensor in standard CMOS technology.

• Technology Optimization.

• Design flow.

• Architectures of charged-particle CMOS sensors.

• Conclusions.

• Results analysis.



Technology AnalysisTechnology Analysis
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Technology Hints for Technology Hints for CMOS APSCMOS APS

• Substrate generation contribution is important !

• n-well depth impact on charge collection…

Standard CMOS (deep-submicron) technologies:

• Smart read-out electronics integration is easier.

• Cphotodiode is lower, S/N is still acceptable. 

• EPI layer importance …

• Better control of life-time of the technology node.

Comprehensive technology-node analysis…



MixedMixed--Mode Mode AnalysisAnalysis
• Device/Circuit Simulations (Dessis)
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Technology OptionsTechnology Options
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A - No EPI-layer B – EPI-layer

Voltage responses as a function of the sensitive element area for different particle 
trajectories: (a) central, (b) lateral.
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∆VA swing greater than ∆VB !

∆VA 0.18 swing greater than ∆VA 0.25 !

The 0.18 µm technology has been selected !
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Design Design flowflow
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APS APS matrix architecturematrix architecture
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APS APS simulation resultssimulation results
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The WIPS idea…The WIPS idea… VDD
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VFTD is charged-up 
through a RESET pulse.

The VFTD voltage is 
raised up to
VFTD = VDD-|VTp| 

(with VTn < |VTp|).

If a particle hit occurs, 
VFTD ↓, pMOS goes ON…
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WIPSWIPS MixedMixed--Mode Mode AnalysisAnalysis
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WIPS WIPS simulation resultssimulation results
V O

U
T_

RO
W

[V
]

ROW Analog Output

Dark rows

Hit row

∆V = 238 mV

COL Analog Output

Time [s]

V O
U

T_
CO

L
[V

]

Time [s]

∆V = 670 mV

ROW Digital Output

Time [s]

V O
U

T_
D

IG
[V

]

Hit col

Dark cols



RAPS01 chip layoutRAPS01 chip layout



ConclusionsConclusions
Standard VLSI CMOS technologies  have been evaluated 
for the implementation of charged-particle detectors. 

Different pixel architectures have been proposed, especially 
tailored for the detection of single hits, thus allowing for a 
simplification and a potential speed-up of the read-out system.

The design of a set of prototypes has been completed, and 
their fabrication in 0.18 µm technology is under way.

The project is supported by the Italian I.N.F.N. (RAPS gr. V).

Deep submicron technologies appear suitable for such a 
purpose, allowing for increased spatial resolution and for 
the integration of smart read-out electronics.


